SUMMARY Exercise and redistribution thallium-201 imaging is commonly used for the detection and evaluation of left ventricular ischaemia and infarction. The right ventricle is frequently visualised after stress and sometimes on redistribution images. The Reversible ischaemia of right ventricle detected by exercise thalaium-201 scintigraphy used to collect 300 000 counts in each view. The counts from the abdomen were shielded with a lead sheet. The data were stored on a computer (Gamma 11, Digital) for later analysis.
The data both "raw" and digitised were reported by three trained observers with good agreement. The computer was used to remove 400/o of the lower threshold and nine point smoothing was carried out.
A positive identification of a perfusion defect was made semiquantitatively when there was 50% or more reduction of counts in the ventricular wall as compared with a region of maximal myocardial count density containing about 5000 counts in a selected region of interest. Quantitative analysis of the relative lung uptake of 201T1 was also carried out.9 10 MULTIPLE GATED BLOOD POOL ANGIOGRAPHY Gated blood pool angiography was carried out using 20 mCi of technetium-99m (99mTc) labelled red blood cells. Three million counts were recorded in the anterior and left anterior oblique views (40 degrees LAO with a 10 degree caudal tilt). Data were stored on a hard disc (Gamma 11, digital) and analysed using the method of Maddox et al. I" to obtain global ejection fractions and to assess regional left ventricular wall motion.
CONTRAST ANGIOGRAPHY Contrast left ventricular angiography and coronary arteriography were carried out using the Judkins technique and multiple views were obtained.
Case reports CASE 1 A 46 year old man presented with exertional angina nine months after an anterior myocardial infarction. Exercise testing showed 3 mm ST segment elevation over leads presenting with "Q" waves in CM5 and CC5. The patient stopped at four minutes because of chest pain. Thallium-201 scintigraphy showed an enlarged heart, increased lung uptake of 201TI, an anterior wall perfusion defect (fixed), and reversible perfusion defects of the inferior wall and of the inferior part of the right ventricle (Fig. 1) . Multiple gated blood pool angiography showed apical dyskinesia, anterior akinesia, and septal hypokinesia of the left ventricle. The calculated ejection fraction was 19%. Coronary arteriography disclosed complete proximal left anterior descending coronary artery occlusion (100%Y), 90% narrowing of the proximal right coronary artery with diffuse disease, and a nondominant left circumflex coronary artery with less than 50% narrowing. There was no established collateral circulation. Left ventricular angiography confirmed the findings of the radionuclide angiogram and a dyskinetic anteroapical aneurysm was demonstrated. CASE 2 A 41 year old man with a history of a previous anterior myocardial infarction 14 months ago presented with mild exertional angina. Exercise testing showed ST segment depression in CM5 and CC5 (2 mm in CC5) after nine minutes and the test was discontinued because he developed dyspnoea and slight chest pain. Thallium-201 imaging showed a fixed anterior wall perfusion defect. Reversible ischaemia was noted in the posterolateral left ventricular wall and in the free right ventricular wall (Fig. 2) . Increased lung uptake of 201Tl was also shown. Radionuclide angiography disclosed akinesia of the anterior and apical left ventricular wall. The calculated resting ejection fraction was 26%. Subsequent coronary arteriography showed complete occlusion of the left anterior descending coronary artery (100%) distal to a large marginal Lahiri, Carboni, Crawley, Raftery branch which had a 70% stenosis at its origin. The occluded left anterior descending artery filled retrogradely from its stenosed marginal branch. The left circumflex coronary artery had an irregular lumen with a 70% stenosis at the middle and the right coronary artery was normal. Contrast left ventricular angiography confirmed the presence of an anteroapical aneurysm.
Discussion
Necropsy studies have shown that the posterior left ventricular wall is always involved in right ventricular infarction and that there is a 50 to 75% chance of right ventricular involvement with inferior and inferoseptal left ventricular infarctions.' 2 Candell-Riera et al. 13 using lead RV4 during exercise, echocardiography, haemodynamic studies, and 99mTc myocardial infarction imaging detected right ventricular involvement in more than 50% of patients with acute inferior wall infarction. Thus, one may extrapolate from these data and postulate that exercise-induced right ventricular ischaemia may occur in association with reversible ischaemia of the inferior wall (right coronary artery territory) and/or lateral and posterolateral walls (left coronary artery territory) of the left ventricle. The demonstration, however, of reversible right ventricular ischaemia using exercise and delayed redistribution imaging with 201Tl will only be possible when the right ventricle becomes visible either because of an increase in right ventricular overload secondary to left ventricular dysfunction or because of the presence of pulmonary hypertension.
In a recent report, Brachman et al. '4 described reversible ischaemia of the right ventricle in two patients with multiple vessel disease. Early redistribution scans (40 minutes) rather than delayed postexercise imaging (four hours) were reported to be of value for demonstrating reversible right ventricular ischaemia, and it was thought that this finding would improve the sensitivity of detecting right coronary artery disease.14 We have shown reversible right ventricular ischaemia in two patients, however, using only the post-exercise and the delayed (four hours) scans. Furthermore, right ventricular ischaemia was demonstrated in the presence of a normal right coronary artery (case 2). Our patients not only showed evidence of depressed left ventricular function at rest but developed indications of exercise-induced left ventricular dysfunction and heart failure as evidenced by exercise-induced ST segment elevation in one (case 1)7 and increased lung uptake of 201TI in both patients.9 10 15 16 The vascular supply of the right ventricle is usually from the right coronary (90%) and from the left circumflex coronary (10%) arteries.13 Slutsky et Reversible ischaemia of right ventricle detected by exercise thaUium-201 scintigraphy described an attractive method for calculating selective right ventricular ejection fraction using ultra short lived 8lmKr (T½h= 13 s) given as an intravenous infusion. Using this method it is feasible that stress studies may be carried out in order to detect right ventricular ischaemia. Quantitative myocardial blood flow measurements to the right ventricle may be obtained by using single photon emission tomography and intraventricular injection of microspheres. 2' In our institution we have not previously noted right ventricular ischaemia while assessing early redistribution in patients with coronary artery disease. 8 We feel that the early visualisation of the right ventricle, in the two cases reported by Brachman et al., 14 was probably the result of increased right ventricular overload secondary to exercise-induced left ventricular dysfunction in patients with multiple vessel disease.
Demonstration of reversible right ventricular ischaemia may be the result of either right or left coronary artery disease. The presence of associated reversible regional left ventricular ischaemia may be helpful in identifying the diseased coronary artery responsible for the dominant vascular supply to the right ventricle. In the presence, however, of established collateral circulation 201Tl perfusion defects may not be visualised in patients with significant coronary occlusion. 22 Though the concept of detecting right ventricular ischaemia with 201Tl is an attractive one, the physical characteristic of 201Tl and the difference between right and left ventricular blood flow make this a difficult application.
The presence of reversible right ventricular ischaemia on exercise and redistribution 201T1 images implies that either the right or left coronary artery is stenosed and that there is either pressure or volume loading of the right ventricle. In the presence of both left and right ventricular ischaemia one may be able to identify the coronary artery lesion responsible for right ventricular ischaemia. This finding may have therapeutic and prognostic significance, since occlusion of the jeopardised coronary artery is likely to produce a biventricular failure which is more resistant to treatment. When considering medical treatment, afterload and preload reducing agents may help to improve ventricular function.
